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From Tradition to Innovation: Bamboo for Sustainable Construction
Pradhan Sujan (Assistant Professor, Institute of Science Tokyo)

L5 O EBFEH T W R KF O Sujan AT AT FE Y 7 4 OBUEIS HRTOUIEHMICEBNLE LA TH 5 1]
DOWFEHIIDOWT, BB - fEEMomE L THE T L,

Materials such as concrete and steel are widely used in modern construction. Due to their high resource consumption and non-
reusable nature, those materials contribute to greenhouse gas emissions during production. As per the 2022 Global Status Report for
Buildings and Construction of the United Nations Environment Programme', the building and construction industry significantly
contributes to global CO, emissions, since it represents approximately 37% of global operational energy and the processes that
are related to CO, emissions. Similarly, a research based on life-cycle assessment showed that approximately 30% to 40% of CO,
emissions in Japan are from the building industry”. Since wood stores CO, throughout its lifespan and has a lower embodied energy
compared to other construction materials like steel and concrete, wood and wood-based materials are becoming popular in the
construction industry in order to mitigate the negative impact of the construction industry on the environment. Cross-Laminated
Timber, also known as CLT, is an engineered wood-based panel created by laminating and gluing wood plies such that the wood
fibers (stronger direction) of each layer run perpendicular to each other, enhancing the strength and stiffness in both directions.
Hence, CLT is widely used in various countries in modern buildings, including Japan, either as the pure construction element
or as part of a hybrid structural system. Figure 1 shows an 11-story (44 m) pure wooden building (Port Plus) in Yokohama City,
Kanagawa Prefecture. This is an example of the construction industry's awareness and effort to promote recyclable resources and
contribution towards a sustainable society in Japan. However, timber requires a substantial period of time to mature before it can be
harvested and used in the construction industry. The growing demand for wood may lead to deforestation, a major environmental
concern, in regions where forest management practices are weak or unsustainable. Hence, to balance construction requirements with

environmental protection, sustainable forestry practices, reforestation, and the use of fast-growing species like bamboo are viable

solutions.

[

Flg 1 Port Plus-11 Story Pure Fig. 2 Global Distribution of Bamboo
Wood Building in Yokohama
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Bamboo is one of the fastest-growing evergreen plants in the grass family. There are more than 1500 species of bamboo in over
110 genera worldwide. According to the Food and Agriculture Organization of the UN’s (FAO) Global Forest Resources Assessment
2020°, bamboo forest covers approximately 35 million hectares of land across Africa, Asia, and the Americas. FAO" report for
Japan shows that 164,000 hectares of land were covered by bamboo forest in Japan in 2017. Figure 2 shows the global distribution
of bamboo’. Because of its versatile uses, bamboo is known by different names and phrases in various regions. it is widely known
as “green gold” and “the poor man's timber” since it is much more affordable than wood and other materials. Bamboo has served
as a structural as well as non-structural material in construction for centuries, especially in traditional architecture. It continues
to be widely used in temporary structures such as provisional cottages, tunnel farming frameworks, and scaffolding in the form
of full culms or splits, as illustrated in Fig. 3. However, it has been rarely utilized as a primary or secondary structural element in
modern structures. As a result, only limited studies have focused on bamboo compared to other conventional engineering materials
such as steel and concrete. Moreover, limited design standards or guidelines for bamboo structures could be one of the reasons for
limiting the use of bamboo in modern structures. Bamboo is characterized by its higher tensile strength than compressive strength.
Tensile strength tests, as shown in Fig. 4, conducted at the Institute of Science, Tokyo, on Moso bamboo (% 54T) , one of the
most commonly used species in Japan, showed an average tensile strength of 220 MPa at an average moisture content of 9%. The
investigated result of higher tensile strength is also supported by the test results on the same bamboo species conducted by other
researchers in Japan. This reveals the promising potential of bamboo in structural engineering applications. Despite the promising
mechanical properties of bamboo, it remains an underrated material in the construction industry.

Engineered bamboo products such as Cross-Laminated Bamboo (CLB) could be an appropriate alternative to other construction
materials, rather than using bamboo in conventional methods. Cross-Laminated Bamboo (CLB) is an innovative panel manufactured
by cross-laminating layers of bamboo strips, similar to CLT. The crosswise lamination enhances dimensional stability, resistance
to warping or cracking, and strength in both directions. Consequently, CLB becomes a high-performance, sustainable material
appropriate for modern construction. Hence, CLB could alter the way of using bamboo in construction industries. However, despite
the significant potential of CLB, only limited research is focused on this innovative material, leaving a research gap in the topic.
Hence, a detailed investigation into the structural behavior, durability, and environmental performance of CLB could make a
substantial contribution toward safer, more sustainable construction practices.

Bamboo, being a natural material, its high sugar and starch content causes it to undergo biological degradation, including insect
and fungal attack. The mechanical properties of bamboo vary significantly with species, age, moisture content, and treatment
methods. Furthermore, high moisture content can lead to shrinkage and deformation upon drying. These drawbacks demand further
detailed investigations for the treatment, durability, and long-term performance of bamboo and bamboo products.

The studies on bamboo and engineered bamboo are not only an opportunity but also a necessity for the global construction
industry for a sustainable and resilient society.

a) Tunnel farming b) Scaffolding Fig. 4 Tensile Test of Bamboo
Fig. 3 Bamboo in Temporary Structures at the Institute of Science,
Tokyo
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